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ABSTRACT

Based on the analysis of thirty-one cores obtained from
the Missouri Department of Natural Resources in Rolla, the
upper Cambrian Lamotte Sandstone in South Central Missouri
has been divided into six sedimentary facies ranging from
alluvial fan and braided stream to open marine.
The Lamotte Sandstone is the basal Cambrian sandstone
found throughout most of the state of Missouri.

It directly

overlies late Precambrian (1.4 to 1.5 billion year old)
granites and metasediments.

The Lamotte and overlying

Bonneterre Formations are generally considered to have been
deposited by a transgression which occurred during the Late
Cambrian Period (Croixian Epoch).
The Lamotte Sandstone varies in thickness between 132
and 306 feet in south central Missouri.

Overall, it is a

fining-upward sequence ranging from a feldspathic conglomerate at the base to a mature, well sorted quartz
sandstone and shale at the top.

Isopach maps of the six

facies indicate that individual facies are variable in
thickness and in some cases are totally missing.
The lower four facies are interpreted to have been
deposited in alluvial fan and braided stream environments.
Facies #1 is the most variable in thickness and character.
It contains a great deal of feldspar and is interpreted to
have been deposited by local alluvial fans that occurred
immediately adjacent to late Precambrian topographically

iii

high areas.

Sediments were derived from the topographic

highs, and filled in adjacent low areas.

The topography was

probably caused by earlier and possibly syndepositional
block faulting.

Facies #2, #3, and #4 contain very little

feldspar with thicknesses somewhat less variable.

They are

interpreted to have been deposited by more regional fans and
braided streams.

Sediments found in facies #2, #3 and #4

are considered to have been derived from the Canadian Shield
to the north rather than locally.
Facies #5 is a marine shale wedge which occurs only in
the western third of the area.

It thickens to the west and

is interpreted to have been deposited below wave base in a
differentially downwarped area.

Facies #6 is a quartz

sandstone which contains glauconite, brachiopods, and some
dolomite.

It is interpreted to have been deposited by

barrier island and shallow marine conditions.
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I.

A.

INTRODUCTION

LOCATION AND EXTENT OF AREA
The study area is the Springfield 1°x2° quadrangle in

south central Missouri (fig. 1).

over the past five years

the Missouri Department of Natural Resources in conjunction
with the United States Geological Survey has been evaluating
mineral resources in specific quadrangles including the
Springfield Quadrangle.

Data for this thesis was obtained

from the Missouri Department of Natural Resources.

This

thesis is considered to be complimentary to and a continuation of work on the Springfield Quadrangle.
The Springfield Quadrangle is defined by.the longitudinal limits between 92° and 94°, and latitudinal limits
between 37° and 38°. ·This includes the counties of Polk,
Greene, Dallas, Webster, Laclede, Wright, and portions of
St. Clair, Cedar, Dade, Lawrence, Hickory, Christian,
Camden, Douglas, Pulaski, Phelps, Texas, and Howell.

The

Springfield quadrangle covers an area of approximately
11,500 square·miles.
This area was chosen primarily because it represents the
western extent of the Lamotte Sandstone where it pinches out
against the Precambrian surface in southwest Missouri.
Little has been written about the area because it lies in
the subsurface and adequate well control was not available
until recently.

Thirty-one wells, most of which reach the

Precambrian basement, have been used in this study (fig. 2).
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Figure 1. Geographic Map of the Springfield Quadrangle
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Map showing location of the core holes In the study area.

No.

ID

1

core 63W82

2

Core 63W113

3

Core 63W121

4

Core 86W32

6

Core 63W34

8

Core DB-1

7

Core TD-1

8

Core 63W2a

a

Core Wilson

+1

10

Core Goaria #3

11

Core 57M2

12

Core Shadel #2

13

Core 63W89

14

Core NS-8

16

Core 64W133

18

Core 83W 108

17

Core 84W94

18

MGS +4580

18

Core 63W5

20

Core NS-5

21

Core M1J1

22

Core H-11

23

Core H-12

24
25

MGS +27082
Core MHR1

26
27
28

Core NS-2

28

Core NS-3

30

MGS +28838

31

Core H-13

Core NS-4
Core NS-1

w

4

B.

PURPOSE AND SCOPE
This investigation focuses mainly on the lithologic and

petrographic characteristics of the Lamotte Sandstone in
South Central Missouri.

The Lamotte Sandstone exhibits

several different facies changes.

The purpose of this paper

is to identify and define the different facies types,
identify their spatial relationships and interpret the
relationships between each of the facies.
Information was obtained from cores accompanied by the
interpretation from isopach maps, fence diagrams, cross
sections and petrographic analysis to determine the paleodepositional processes and the environments responsible for
the facies sequence.

This study is designed to; 1) develop

an understanding of the distribution of each facies, and 2)
determine the origin of the lithologic constituents comprising the Lamotte Formation in south central Missouri.
Throughout most of Missouri the Lamotte Sandstone
directly overlies the Precambrian surface.

Exceptions occur

where topographic highs prevented deposition or caused
erosion of the Lamotte Sandstone.

such is the case in

southeast Missouri where the .Lamotte Sandstone is absent
near the Ozark Uplift (St. Francois Mountains).
In southwest Missouri the Lamotte Sandstone also pinches
out against a Precambrian topographic high.

The Reagan

Sandstone, which is similiar to the Lamotte, overlies the
Precambrian surface in extreme western Missouri and eastern
Kansas (Kurtz et al., 1975).

5

In the past the lateral extent of the Lamotte and Reagan
Sandstones in western Missouri has been poorly understood
and boundaries were vague because of insufficient core data.
This investigation attempts to define the boundaries from
available core data.

C.

PREVIOUS INVESTIGATIONS
The Lamotte Formation was originally named in 1894 by

Winslow for Mine La Motte of St. Francois County.

Later

Buckley (1908) placed it in the Croixian Series of late
Cambrian age.

The first thorough investigation was written

by Wallace (1938) who described the sandstone in the
Farmington anticline area.

More recent investigations were

contributed by Ojakangas (1963) and Houseknecht (1975).
These two reports were concerned· mainly with lithology,
areal extent, and thickness of the Lamotte.

Heet (1981)

described the textural features of the Lamotte while
Ojakangas (1963), Houseknecht et al. (1978) and Yesberger
(1982) interpreted the depositional history of the sandstone.

Finally, Rothbard (1983) studied diagenetic features

and paragenesis of the Lamotte in southeast Missouri near
the Viburnum Trend.

D.

METHOD OF STUDY
Information from thirty-one cores is supplemented with

petrographic analysis to determine and distinguish the
different sedimentary facies.

A fence diagram, cross

6

sections and isopach maps aid in delineating the vertical
and horizontal limits of each lithofacies.

Mineralogic and

textural variations were studied in approximately 60 petrographic slides to determine the individual characteristics
of each lithofacies.
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II.

A.

STRATIGRAPHY

PRECAMBRIAN ROCKS
The Precambrian surface in Missouri is irregular.

Adams

(1959), Ojakangas (1960, 1963) and Kisvarsanyi (1975) noted
local relief of greater than 2000 feet near the St. Francois
Mountains, however, in south central Missouri the Precambrian topography is much less pronounced (Kisvarsanyi,
1985) (fig. 3).
Based on core analysis, the predominant Precambrian rock
types in south central Missouri are granites, rhyolites, and
gneissic granites.

They are commonly fractured, veined, and

altered near the Precambrian surface.

Adams (1959), Grenia

(1960), and Kisvarsanyi (1980) have noted granites and
granodiorites in central and western Missouri.

The former

two authors conclude that an extensive east-west belt of
Precambrian metasedimentary rocks is located in the same
area.

B.

LAMOTTE SANDSTONE
1.

Thickness, Extent, and Age.

The Lamotte Sandstone

nonconformably overlies the Precambrian surface and is the
lowermost Paleozoic formation in Missouri (fig. 4).

Depo-

sition of the Lamotte occurred in late Cambrian (Croixian
Series) or about 500 million years ago, however, the Lamotte
Sandstone is a ·time-transgressive deposit and may vary
slightly in age in different areas (Ojakangas, 1960;
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Houseknecht, 1975).

Because the Lamotte was deposited on

an irregular Precambrian surface, it varies in thickness
and may be completely absent because of nondeposition
(Ojakangas, 1960, 1963; Howe et al., 1972; Houseknecht,
1975; Houseknecht and Ethridge, 1978; Yesberger, 1982).

The

Lamotte Formation is absent locally around Precambrian knobs
and regionally in the st. Francois Mountain area (Yesberger,
1982; Moylett, 1985).

In southwestern Missouri the Lamotte

Formation is absent where it pinches out against a topographic high Precambrian surface (Kurtz et al., 1975;
Moylett, 1985).
In western Missouri the Lamotte Sandstone is usually
thin and ranges from o to 100 feet thick (Houseknecht and
Ethridge, 1978).

In eastern Missouri, except for the St.

Francois Mountains, it can reach a maximum thickness of
nearly 500 feet (Wallace, 1938; Ojakangas, 1960, 1963; Howe
et al., 1972; Houseknecht, 1975; Houseknecht and Ethridge,
1978).

In south central Missouri the thickness of the

Lamotte ranges from 132 to 306 feet (fig. 5).
The Lamotte has been correlated·with the Mt. Simon
Sandstone of the Upper Mississippi Valley region (Wallace,
1938; Ojakangas, 1960, 1963; Howe et gl., 1972; Houseknecht,
1975; Driese, 1979; Driese et al., 1981).

The Lamotte is

considered to be equivalent to the Eau Claire Sandstone of
Wisconsin and Minnesota, the Rodgersville Formation of
Tennessee, and the lower Conasauga Formation of Alabama
(Wallace, 1938).

Driese, et al. {1981) considers the

L.
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Lamotte to be the lithostratigraphic equivalent of the
Tapeats Sandstone of southwestern United States, the Riley
Formation of central Texas, and the Flathead Sandstone of
Wyoming.
2.

Lithology.

The basal Lamotte Sandstone consists of

arkosic and lithic wackes while the uppermost Lamotte is
commonly a quartz arenite (Ojakangas, 1960, 1963; Houseknecht, 1975; Houseknecht and Ethridge, 1978; Yesberger,
1982).
The Lamotte sandstone in south central Missouri is a
fining upward sandstone ranging from a coarse feldspar and
quartz conglomerate at the base just above the Precambrian
surface, to a shale and quartz-rich sandstone in the uppermost section.
The contact between the Lamotte Sandstone and the
Bonneterre Formation is usually gradational, interbedded, or
occasionally sharp.

Most authors place the contact as a

conformable, gradational or interbedded boundary (Wallace,
1938; Lachman, 1940; Ojakangas, 1960, 1963; Houseknecht,
1975; Kurtz, 1975; Houseknecht and Ethridge, 1978; Yesberger, 1982).

However, Howe et al. (1972) has interpreted

the contact to be unconformable.
The gradational boundary between the Lamotte and
Bonneterre Formations is termed the "transition" beds by
most authors.

The Lamotte-Bonneterre contact is usually

difficult to determine because of these "transition" beds.
The contact is usually placed at the base of the
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stratigraphically lowest sandstone that contains sig.,..
nificant amounts of glauconite or carbonate cement (Lochman,
1940).

Kurtz et al. (1975) includes the "transition" beds

in the Bonneterre Formation.

He locates the boundary

between the transition zone and the underlying Lamotte
Sandstone by the lowest occurrence of shale.

Kurtz et al.

places all shale in the Bonneterre Formation.

Yesberger

(1982) placed the contact at the base of the stratigraphically lowest bed in which carbonate cement exceeds 50 percent
of the total volume, excluding siliclastic components.
For the purpose of the present investigation, the
Lamotte-Bonneterre contact is located where the lithology
changes from mostly carbonate (Bonneterre Dolomite) to a
rock type which contains mostly quartz (Lamotte Sandstone).
This places the boundary higher than that of most previous
a.uthors.

The predominance of carbonate over silica

separates the Bonneterre Dolomite from the Lamotte Sandstone.

Kurtz et al. (1975) and Lochman (1940) placed the

boundary just below the lowest shale in the BonneterreLamotte sequence.

Their usage is satisfactory in eastern

Missouri where most of the shale is associated with a
carbonate rock (Bonneterre Dolomite).

In western Missouri a

crossbedded quartz-rich sandstone facies overlies a glauconitic sandstone-shale sequence.

The crossbedded sandstone

grades upward into the Bonneterre Dolomite.

The sandstone

facies is defined as "transition" beds by previous authors
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and has been placed arbitarily in the Bonneterre Formation
because of the glauconitic shale which underlies it.

This

author feels that the pure quartz sandstone more appropriately belongs in the Lamotte Sandstone.
The term "transition" beds has been used to describe the
gradational boundary between the Lamotte Sandstone and the
Bonneterre Formation.

This term is justified in eastern

Missouri where both the Lamotte and Bonneterre Formations
are considerably thicker with a corresponding thicker
transition zone.

In south central Missouri the "transition"

zone is generally thin and is less than 5 feet thick.

In

this investigation the term "transition" beds will not be
used and the thin transition zone between the Bonneterre and
the Lamotte Formations will be placed in the Lamotte
Sandstone if it contains mostly quartz or in the Bonneterre
Dol9mite if it consists predominantly of carbonate.

C.

REAGAN SANDSTONE
In western Missouri, outside the study area, the Reagan

Sandstone overlies the Precambrian topographic high (Kurtz
et al., 1975).

It is a time equivalent nearshore facies of

the Bonneterre and Davis Formations and is also known to be
the nearshore equivalent of formations as young as the
Roubidoux Formation (Kurtz et al., 1975).
The Reagan Sandstone generally contains more clay and
mud than the Lamotte Sandstone.

The Reagan Sandstone is

poorly .sorted and is made up of a mixture of shale, silt,
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. and sandstone that may be slightly dolomitic or glauconitic.
It is commonly arkosic at the base and becomes a pure
quartzose sandstone in the upper portions.

The lower part

consists of quartz and weathered feldspar grains.

The

sandstone usually fines upward and is often mixed with
quartz silt and gray shale in the upper portion of the
formation.
The Reagan Sandstone is·present in the southwestern
portion of the state where it grades laterally into the
Bonneterre Formation {Kurtz et al., 1975).

Three core holes

in the western portion of the study area indicate a westward
thickening sandstone body in the lower Bonneterre Formation
(fig. 6, Plate I}.

This sandstone is probably an eastern

tongue of the Reagan Sandstone.

The top of this unit is a

quartz-rich, well sorted, sandstone that gradationally
changes into a clay- or glauconitic-rich sandstone with
depth.

Both the Lamotte and Reagan Formations are nearshore

clastic sandstones deposited by an advancing Late Cambrian
sea {Kurtz et al., 1975).

D.

BONNETERRE FORMATION
The Lamotte Sandstone is conformably overlain by the

Late Cambrian Bonneterre Formation (fig. 4).

Locally,

however, the Bonneterre may lie directly on topographic
highs of the Precambrian basement because of nondeposition
or erosion of the Lamotte Sandstone (Houseknecht and
Ethridge, 1978}.
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The Bonneterre Formation is a dolomitized limestone
displaying several different facies.

At the base, the

Bonneterre Formation is shaly to the east of Hickory,
Dallas, and Webster Counties (Plate II).

This corresponds

to the micritic-shale facies indicated by Kurtz et al.
(1972).

In the west the Bonneterre Formation thins and is

usually a hard dense crystalline dolomite that is often
vuggy.

The Bonneterre Formation has two designated members

that are usually, though not always present.

The Sullivan

Siltstone Member, near the top of the Bonneterre Formation,
is a grey siltstone that is often horizontally laminated.
Occasionally, however, it is interbedded with a micritic
limestone andjor it is locally burrowed.

Above the Sullivan

Siltstone is the Whetstone creek Member.

The Whetstone

Creek Member is a silty or shaly micritic limestone that
often contains interbedded dark green shale.

It is commonly

burrowed andjor glauconitic with thin layers being nearly
100% glauconite.
The Bonneterre and overlying Davis Formations are difficult to tell apart.

The Bonneterre Formation is normally

identified by the presence of its two upper members, the
Whetstone Creek and Sullivan siltstone.

To the southwest

the members, and therefore, the Bonneterre Formation becomes
increasingly thin and difficult to identify.

Where the

individual members of the Bonneterre Formation cannot be
identified, this author has assumed that the Bonneterre is
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missing, though he recognizes that in some cases it may be
present as a thin unit.

Kurtz et al. (1972) note a similiar

problem in Arkansas and they handle the problem in the same
manner.
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III.

A.

FACIES ANALYSIS

INTRODUCTION

Lithofacies, as defined by Bates and Jackson (1980, p.
363), is a lateral, mappable subdivision of a designated
stratigraphic unit, distinguished from adjacent subdivisions
on the basi"s of lithology, including all mineralogic and
petrographic characters and those paleontologic characters
that influence the appearance, composition, or texture of
the rock.
Petrographic slides made from approximately 60 samples
were taken from 10 core holes in the Springfield Quadrangle.
From the petrographic analysis, qualitative mineralogy has
been determined for each lithofacies.

Megascopic de-

scription of the core includes mineralogy, textures, and
sedimentary structures.

The sandstone classification used

to describe each facies is adopted from Pettijohn (1972) and
is shown in fig. 7.
overall, the Lamotte Sandstone consists of a fining
upward sequence from feldspathic conglomerate at the base
through clean quartz arenites and finally into shale and the
overlying Bonneterre carbonates.

This represents a trans-

gressive sequence from alluvial fan, and braided stream to
shoreline, shallow marine and eventual carbonate deposition.
The

sequen~e

is summarized in Table I.

The alluvial fan, braided stream, lagoon or shallow
intracratonic basin, and open marine environments are

(,.

+~
IS,...

.t~

Classification of terrigenous sandstones
Figure 7.
(From PettiJohn et.al.,

1972).
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believed to be responsible for the deposition of the Lamotte
Sandstone in the study area.

Figure 8 is a generalized

model of the depositional processes interpreted to form the
Lamotte Sandstone in south central Missouri.

The following

is a discussion of the six facies in the Lamotte Sandstone
from bottom to top.

1. Feldspathic Conglomerate facies #1
a.

Description.

Facies one, or the Feldspathic

Conglomerate facies, is the lowest facies of the Lamotte
Sandstone and directly overlies the Precambrian basement.
The contact is generaly sharp against igneous rocks.
The igneous basement consists of granites, rhyolites,
and granitic gneisses that are commonly highly weathered.
Just above the Precambrian surface, there is commonly though
not always, a few inches to a few feet of large clasts or
pebbles 4 to 5 em. in size.

These large clasts are usually

quartz but may also be lithic fragments (fig. 9).
Above the gravelly base, facies #1 is a finer feldspathic conglomerate consisting of predominantly quartz,
lithics, and potassium feldspar with trace amounts of
plagioclase (fig. 10).

Near the base the feldspar clasts

and matrix are dominant mineralogic constituents while the
unit becomes progressively richer in quartz in the upper
portions.
Petrographically, the average mineral composition is
approximately 80 percent quartz and 10 to 15 percent
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feldspar.

The quartz grains are subangular to angular and

some are composed of smaller composite or polycrystalline
mosaic quartz crystals.

Often a large outline of a detrital

clast is composed of small mosaic quartz crystals.

This

type of polycrystalline quartz suggests a metamorphic source
(Krynine, 1940) and may have originated from metasediments
of the Precambrian.

The quartz is commonly fractured and

filled with a faint iron stain.
Most feldspars are highly weathered but few show good
twinning in thin section.

The feldspar may be partially

altered to clay but can also be deformed and "squeezed" into
quartz cavities forming a weak cement.

Calcite occurs as a

cement between some of the quartz grains, but is usually
less than five percent of the rock.
Facies #1 is discontinuous in the study area with a
thickness that ranges from zero to 122 feet (fig. 11).
b. Interpretation.

Facies #1, the Feldspathic Con-

glomerate facies, directly overlies the irregular Precambrian surface.

The abundant feldspar content occurs

as clasts or as fine grain matrix material and is derived
locally from the Precambrian surface.

The sediments came

from erosion of the adjacent Precambrian highs {Rothbard,
1982; Houseknecht and Ethridge, 1978).
A difference in age of about one billion years between
the Precambrian igneous rocks and the upper Cambrian Lamotte
Sandstone, along with the presence of an altered Precambrian
surface suggests a prolonged period of erosion of the
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igneous rocks that preceded late Cambrian deposition.
Alluvial fans formed at the flanks of the knobs and filled
in the valleys below (fig. 8).

The coarser clast deposit

(fig. 9) is thickest in the lows adjacent to topographic
highs.

This coarse deposit is discontinuous and is found

only where high vertical relief and/or high stream velocities were present in Cambrian time.
The fine-grained component of facies #1 consists predominantly of a feldspathic matrix that supports large (1
em.) clasts of feldspar and quartz (fig. 10).

Miall (1977)

suggests that matrix supported gravels are indicative of
debris-flood deposition.

The fine-grained component of

facies #1 is interpreted to have been deposited under
relatively lower stream gradients and/or lower stream
velocities than the coarse grained deposit.

Where the

fine-grained deposit directly overlies the Precambrian
surface, local relief is interpreted by the author to be
insufficient to transport the large clasts found in the
coarse component of facies one.

Only finer feldspar grains

were transported and deposited into these areas.

An alter-

native explanation suggests that the fine grain deposit may
have been transported a greater distance than the coarse
grained deposit and from continued abrasion, the feldspar
and quartz clasts decreased in size.
Where the coarse and fine deposits are mixed or interbedded, flow conditions are interpreted to have been
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variable, and the deposit was formed by both extreme
flooding and normal alluvial fan conditions.
Some of the core holes

(NS-~,

NS-4) were drilled beyond

the lateral extent of any local alluvial fan deposits.

In

these areas facies #1 is missing and the Quartz Conglomerate
facies #2 directly overlies the Precambrian surface.

Either

the source of sediment for facies #1 was not available
(nondeposition), or erosion eliminated facies #1 from the
geologic record in this area.

The writer interprets the

absence of sediment in these areas to have been caused by
nondeposition.

Because of an insufficient sediment supply,

perhaps caused by a low source area, alluvial fan advancement was hindered.

The alluvial fans that formed were

discontinuous and therefore absent in some core holes.
Facies #1 is thickest in lows adjacent to extreme highs.
On Precambrian knobs, facies #1 is either absent or forms a
thin veneer of sediment on top of these topographic highs.
The Precambrian topography clearly has a strong influence on
thickness and distribution of facies #1.

Figure 3 is a

structure contour map made from fault data supplied by E.
Kisvarsanyi (1985) and Precambrian surface data obtained by
the writer from core logs.

Integrating the Precambrian

topography (fig. 3) with the Feldspathic Conglomerate facies
#1 Isopach Map (fig. 11) illustrates some important depositional trends that form directly above the Precambrian
surface.
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In the east-central portion of the study area near core
63W89 (fig. 11), facies *1 thickens considerably.

From

figure 3 this area is a graben lying between two northwest
trending faults.

These faults are interpreted by the writer

to have been active throughout most of Lamotte deposition.
Thick alluvial fans are interpreted to have formed from the
relief provided by the faults.

Galloway and Hobday, (1983)

also note that fans are most numerous in tectonically active
areas such as block faulted terrain where the thickest,
coarsest deposits are commonly adjacent to the fault system.
In the southwest corner of the study area facies #1 is
absent despite the presence of a Precambrian topographic
low.

In this case nondeposition is interpreted by the

author to have resulted from insufficient slope and source
material.

Without high relief and adequate supply of

sediments, alluvial fans are limited in areal extent and
subsequent facies can be locally absent above the Precambrian surface.
The only other anomalous area of deposition in facies *1
is near the Decaturville impact in the north-central portion
of the study area.

This structure has been determined by

Offield et al. (1970) to be of Triassic age based on fission
track readings.

If Offield's et al. data is correct this

structure was formed much later than Cambrian. time and
should have had little effect on the thickness of any of the
facies.

As indicated from isopach maps, anamolous values
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for five of the facies occur in this area. Other formations,
younger than the Lamotte Sandstone but supposedly older than
the impact structure show similiar effects (Offield and
Pohn, 1979).

The unusual relationships are unexplained.

2. Quartz Conglomerate facies #2
a. Description.

The contact between facies #1 and

#2 is gradational (fig. 12).

The criteria used here to

define the boundary of these two facies relies totally on
Pettijohn's Sandstone ciassification (fig. 7).

Facies #1 is

a feldspathic wacke while facies #2 is a quartz wacke (fig.

l3).

When the feldspar clasts are less than 5 percent of

the total clasts the rock becomes a quartz wacke rather than
a feldspathic wacke and marks the boundary between the two
facies (fig. 7).
In the cases where the fine grained facies #1 is
adjacent to facies #2, the boundary is more difficult to
distinguish.
color.

In this case the boundary is determined by

A significant decrease in the amount of feldspathic

matrix (about 5 percent) results in a dramatic change of
color in the rock.

Because of the feldspathic matrix in

facies #1, the rock is red, purple, or greenish grey.

As

the feldspar content decreases and quartz matrix increases,
the color of the rock gradationally changes from red, purple
or greenish grey to that of light grey or white.

The

boundary is determined by the last occurrence of the red,

32

1 em.,

#1

33

1 em ..

of

34

purple, or greenish grey matrix in core samples.

This is a

thin gradational zone that can usually be identified within
a few feet in core.
Facies #2 contains poorly sorted quartz grains (not
greater than 0.5 em.) in a matrix of white clay (fig. 13).
This facies is usually structureless but occasionally
displays faint crossbedding.

Throughout most of the facies

the large clasts are quartz, however feldspar clast occur
near the base of this facies.

The thickness of facies #2

ranges from zero to 78 feet in the study area.
Quartz is the predominant mineral (greater than 95
percent) in the petrographic analysis.
similiar to that of facies #1.

The quartz is

It is angular to subangular

and detrital grains may be composed of composite or mosaic
polycrystalline quartz crystals.

The quartz may be frac-

tured and these fractures usually contain iron stains.
Unlike facies #1 there is no calcite cement present in
this facies.

Heavy minerals are slightly more abundant in

facies #2 relative to facies #1 but never exceed 2 percent.
The contact between facies #2 and the overlying facies
#3 is predominantly gradational or occasionally interbedded,
however this contact can usually be identified within a few
feet in the core logs.
b. Interpretation.

The depositional environment for

facies #2 is interpreted to be that of an alluvial fan or
proximal braided stream.

The sediments of facies #2 are

interpreted to originate from a regional source area and
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were transported a greater distance than the locally derived
sediments of facies #1.

Facies #2 differs from the under-

lying local alluvial fan by the lack of feldspathic matrix.
A regional alluvial fan or proximal braided stream transports and deposits quartz-rich sediments.

The quartz-rich

sediments are concentrated at the expense of the less
resistant feldspars.

The lack of feldspars implies that

they were broken down and winnowed out by continual abrasion
due to an increased distance from source area to
depositional basin.
The regional alluvial fan or proximal braided stream,
with its different source area overlies the local alluvial
fan (fig. 8) and may or may not follow depositional channels
of the previous facies.

Two different alluvial fan depo-

sitional environments form just above the Precambrian
surface.

In a similiar case, Steel (1974) has seen three

alluvial fan depositional environments in the New Red
Sandstone of Scotland.

These three alluvial fans succeed

one another and Steel interpretes this to mean a progressive
reduction in source-basin relief.

With continued deposition

of facies #1 and #2 a similiar reduction in source-basin
relief is interpreted in south central Missouri because of
infilling of topographic lows.
An alternative interpretation that explains the decrease
of feldspar and increase of quartz in facies #2 is a
corresponding change of climate from arid to humid.

In this

interpretation the source area for facies #2 is the same as

36

facies #1.

The feldspar grains that were once preserved in

the arid climate, are subsequently destroyed as the climate
changes to humid.

This interpretation, however, does not

agree with the source area suggested by Wallace (1938),
Ojakangas (1960, 1963) and Houseknecht (1975).

They sug-

gests that most of the sediments of the Lamotte Sandstone
were derived from the Lake Superior region in the northeast.
The gradational boundary between facies #1 and facies #2
is interpreted to have been caused by a mixing of the two
facies.

Generally, where facies #1 is thin or absent facies

#2 is usually thick.

The thickness of the Quartz Conglomer-

ate facies #2 is controlled by Precambrian topography and
the depositional limits of facies one.
core NS-4, NS-1 and 63W34 (fig. 14).

This is typical near
These areas are

interpreted to have been topographic lows that were not
infilled sufficiently by the local alluvial fans from facies
#1.

The regional alluvial fan (facies #2) is thicker over

these low areas.
Where facies #2 is thin or absent (M1J1, 63W89, 63W121,
and NS-3) the topography is high enough to inhibit or
prevent deposition in these areas.

The topography is

controlled by the depositional geometry of facies #1 or
indirectly by the Precambrian topography.

Facies #2 varies

considerably in thickness near the Decaturville impact
structure, however the relationship is not explained in this
study.
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Near core 57M2 the Quartz Conglomerate thickens (fig.
14).

This coincides with a thickening of the lower Feld-

spathic Conglomerate.

In this area syndepositional fault-

ing is probably the cause for the thick deposits.

A

topographic low is provided by the downthrown side of a
northwest trending fault (fig. 3).
Above the Quartz Conglomerate facies lies a highly
crossbedded sandstone facies interpreted to be transitional
from the alluvial fan to braided stream environment.
Between facies #2 and #3 a proximal to distal transition
occurs from conglomerates deposited by alluvial fans to a
predominantly sandy facies formed by braided streams.

Miall

(1970a,b), in Devonian deposits of Prince of Wales Island
and McGowan and Groat (1971), in the Vah Horne Sandstone of
West Texas, have noticed similiar transitions.

3. Crossbedded Sandstone facies #3.
a. Description.

Facies #3 is a moderately sorted

white to grey sandstone that is commonly crossbedded (fig.
15).

It can be graded or inversely graded bedded in core

samples.

Near its base, facies #3 is a medium- to fine-

grained quartz wacke that grades upward into a fine-grained
quartz arenite.

A clay or mud matrix occurs within facies

#3 in the western portion of the study area.
Quartz is angular to subangular and does not exceed 2
mm. in size.

A few of the grains are polycrystalline.

There are more heavy minerals in this facies and they may
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compose 3 or 4 percent of the rock.

As in the previous

facies, an iron stain is present within fractures and
between cavities of the quartz crystals.

In western samples

a clay matrix occurs but its composition is unknown.

The

boundary between facies #3 and #4 is always either interbedded or gradational.

This is the most difficult boundary

to distinguish in logging the core.

Both facies #3 and #4

are quartz arenites but they differ in grain size and
bedding features.
b. Interpretation.

Because of abundant crossbedding and

the association with the previous two facies, facies #3 is
interpreted to have been deposited by a braided stream
environment.

The separation of a braided stream from an

alluvial fan facies is arbitrary, because sediment dispersion on alluvial fans generally takes place by means
of ephemeral, braided channels (Miall, 1977, p.51).

Some

modern braided rivers also have been known to migrate
laterally over a cone of their own alluvial deposits and
display a geometry similiar to an alluvial fan (Gole and
Chitale, 1966) .
Trough and planar crossbedding dominates this facies,
however the type of crossbedding can usually not be identified in the core log.

Facies #3 is interpreted by the

writer to have been deposited in stream conditions of
moderate velocities with abundant sediment suspension of
sand size particles.

This facies contains mostly quartz

with minor amounts of clay in the matrix.

Facies #3 is more
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mature than the previous two facies.

The high maturity and

smaller grain size of this facies indicate that the
sediments formed were transported a greater distance than
previous deposits or the source area changed.

The canadian

Shield to the northeast is a favorable source area that may
have supplied much of the detrital sediment in the Lamotte
Sandstone.

Wallace (1938), Ojakangas (1960, 1963) and

Houseknecht (1975) believe that the source area for much of
the quartz is from the northeast in the Lake Superior
region.
To the west facies #3 increases in feldspar content.
This is interpreted to have occurred because of a mixing of
sediments from two or more sources; one being from the
distant northeast or the Canadian Shield, and the other
being from the higher Precambrian topography in southwestern
Missouri.

The result is a deposit which is a mixture of

mature sand grains from a distal source combined with a
feldspathic fine-grained matrix derived locally from the
west.

Portions of the Precambrian surface in western

Missouri or eastern Kansas may have been exposed throughout
Late Cambrian time and supplied minor amounts of sediment to
the Lamotte basin in facies #3.

Ojakangas (1963) inter-

pretes that a western source area supplied minor amounts of
sediments to the Lamotte basin.
The thickness of facies #3 ranges from zero to 81 feet
(fig. 16) and is not controlled by the Precambrian surface
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but rather by the change in topography that resulted from
faulting or from deposition of the preceding two facies.
Along the eastern edge of the study area facies #3 is
absent (fig. 16).

In this area nondeposition is interpreted

to explain the absence of facies #3.

The writer believes

that active faulting may have created a barrier or altered
stream channels thereby restricting sediment deposition in
the east and southeast preventing deposition of this facies.
Like the previous facies, anamolous thicknesses are
noted near the Decaturville impact structure (fig. 16).

The

unusual relationship is unexplained.

4. Horizontally laminated.Sandstone facies #4
a. Description.

This facies is distinguished from

facies #3 primarily by grain size and sorting.

Facies #4 is

a fine-grained sandstone that often contains horizontally
laminated beds of silt andjor heavy minerals (fig. 17), but
low angle well pronounced crossbedding may occur.

The

laminations of facies #4 are generally marked by alternating
layers of either different heavy mineral content or different grain size.

Facies #4 is a white, buff, or grey,

well sorted, fine-grained quartz arenite.

Facies #4 is

usually the thickest of the six facies and can range from 10
to 167 feet thick.

McKee et al. (1967) notes a similiar

predominance of horizontal strata in the Bijou Creek flood
deposits of Colorado.

These deposits were formed during

rapid water flow with deposition of 5 to 10 inches of
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sediment within a few hours.

McKee et al. estimates 90 to

95 percent of all the Bijou Creek deposits are horizontally
laminated.
Facies #4 is a monominerallic sandstone in the central
and eastern portions of the quadrangle but contains more
clay to the west.

Facies #4 usually retains its horizontal

laminations through the entire study area.
The average grain size of facies #4 does not exceed one
mm.

Most of the grains, however, still have an angular to

subangular shape although a few may be rounded.

Heavy

minerals are concentrated where darker horizontal laminations are present.
b.

Interpretation.

Facies #4 is the thickest and most

continuous of the six facies.

It differs from facies #3 by

having a finer grain size, and a mostly horizontal laminated
rather than crossbedded texture.

This difference is inter-

preted to have been caused by a decrease in surface relief
due to sediment infilling and relatively inactive faulting.
Because of infilling f.rom the three previous facies (fig.
8), the surface had low relief at the time of deposition of
facies #4.

stream channels deposited sediment in shallow

water depths.
Horizontal laminations can be formed in a variety of
different flow conditions.

During the time of deposition of

facies #4, stream velocities were considered to be in
transitional or upper flow regime conditions (possibly
flooding conditions) but stream depths were shallow.

The
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horizontal laminations of facies #4 formed in relatively
high stream velocities accompanied by very shallow depths.
Picard and High (1973) and Harms et al. (1975) have note
horizontal stratification to form under lower or upper flow
regime conditions while Reineck and Singh (1980) suggests
horizontal bedding can be produced in very shallow depths.
Because of the shallow depths (low relief) at the time of
deposition of facies #4, only finer grained sands were
transported.

The sediments were deposited on a low relief

horizontal surface thereby forming horizontal laminations
(fig. 8).

Facies #4 is interpreted by the writer to have

been deposited as a sheet sandstone with continuous deposition of fine grained sediments over a large area.

The

great thickness and continuity of facies #4 suggests that
stream conditions were characterized by multiple channels
with low sinuousities and high width to depth ratios.
The thickness of facies #4 varies considerably throughout the study area.

The horizontally laminated sandstone

(#4) thickens in the southeast and northeast (fig. 18).
These thicker deposits are interpreted to have been formed
near the main braided channel where sediment supply and
deposition is more abundant.
An anomalously thin deposit is noted near the Decaturville impact structure but this occurrence is, again, not
explained.
In the west, facies #4 thins over the high Precambrian
surface.

Facies #4 becomes feldspathic to the west much
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like facies #3.

To the extreme west, a Precambrian high may

have been exposed throughout deposition of the Lamotte
Formation.

A second source of fine-grained feldspar

sediments from this high is interpreted by the writer to
have mixed with mature sediments from the canadian Shield
which resulted in a deposit that consists of mature sands
mixed with a fine-grained feldspar matrix.

The source area

for most of facies #4 is considered to be the Canadian
Shield with minor amounts of feldspathic sediment supplied
from the west.

Ojakangas (1963) considers minor amounts of

sediment to have been derived from a western source area.
Facies #4 is the thickest of the six facies (fig. 8).
McKee, et. al. (1967) has observed a similiar predominance
of horizontally laminated sediments in the deposits of the
Bijou Creek in Colorado.

Shelton and Noble (1974) also

noted that horizontal bedding and medium- to fine-grained
sand is one of the dominant sedimentary structures in the
Cimarron River deposits of north-central Oklahoma.

In both

cases the fluvial system is a braided stream environment.

s.

Interbedded Shale-sandstone facies #5
a. Description.

The shale facies is marked by the

first occurrence of bedded shale or, in the interbedded
case, where the rock contains more than 5 percent shale.
The shale is either irregularly interbedded with sandstone
(fig. 19), extremely burrowed mixture of sandstone and shale
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(fig. 20), or it may be as much as several feet of continuous shale.

This green, grey, to dark grey shale often

contains brachiopods of the genus Obolus sp.

The brachio-

pods are always found in the lenticular or irregularly
interbedded sandstone beds within the facies (fig. 19).

The

shale is the thinnest of the six facies ranging from zero to
18 feet thick and has the least lateral extent of the six
facies in the subsurface.

Facies #5 is absent in the

central and eastern portions of the quadrangle but is
present in the west and thins in an eastward direction.
A significant change in grain shape occurs in facies #5
as compared to the angular quartz grains of the four
previous facies.

Most of the quartz is subrounded to

rounded in facies #5.

The shale is usually devoid of any

quartz grains or brachiopod fragments except in circumstances where the shale appears to be "squeezed" into or
around a clast or bioclast.
b. Interpretation.

Facies #5 is present only in the

west (fig. 21) and lies within the uppermost shoreline
sandstone facies #6 (fig. 8).

Facies #5 is interpreted to

have been deposited in a lagoonal environment.

A barrier

beach complex formed in the center of the study area.

The

lagoonal shale formed behind the barrier complex in a
shallow environment that was protected by the wave energy of
the sea.

During high tides, mud and washover sand from

facies #6 was deposited in the lagoon.

The result is a

shale deposit interbedded with washover sand (fig. 19).
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The washover deposits originated from sediments that were
transported over the barrier complex instead of through the
tidal channel.
In the western half of the study area the shale lies
within facies #6 which appears to be a shoreline sand (fig.
8).

This can be explained by a transgressive-regressive-

transgressive sequence.

First, the shoreline transgressed

over the entire area and reworked some of the underlying
braided stream sediments.

This shoreline was characterized

by broad shallow marine shore conditions.

Wave energy

remained active enough to prevent deposition of the muds
needed to form facies #5.

Subsequently, regional subsidence

in western Missouri andjor uplift in eastern Missouri
inhibited marine wave action in the center of the area and
to the west.
shoreline.

The uplift caused a minor regression of the
A shallow lagoon, or more accurately a shallow

intracratonic basin formed in western Missouri.

Suspended

muds and washover sands were the primary sediments of the
regressive sea.

The final transgression is suggested to

have originated from a southeast direction and continued in
a northwest direction (Dott and Batten, 1971).

The shale

facies thickens westwardly because of prolonged lagoonal
submergence in the west before the second transgression
reached the area (fig. 8).

The second transgression is

interpreted to be rapid, and quickly buried and preserved
the underlying shale sequence.

Transgressive barrier
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islands are usually not preserved in the geologic record,
but Davis (1983) indicates that lagoonal deposits are
sometimes preserved in the geologic record where a rapid
transgression occurs.

6. Ripple laminated Sandstone facies #6.
a. Description.

Facies #6 is usually an irregularly

ripple laminated sandstone but often it may contain high
angle well pronounced crossbedding.

The ripple laminated

texture is composed of fine silt or shale stringers within a
moderately sorted sandstone (fig. 22).
and

co~tains

It is white or grey

up to 50 percent dolomite andjor less than 10

percent glauconite, or brachiopods (figs. 23 and 24).

The

most common feature of this sandstone is an irregular ripple
laminated structure that commonly forms either a braided or
a webby texture (fig. 22).

Facies #6 contains quartz,

dolomite, glauconite, and brachiopod fragments.

The quartz

is rounded to subrounded, monocrystalline, and is commonly
well sorted.

Dolomite commonly forms tiny rhombs and

usually forms a strong cement.
the cement is usually dolomite.

When glauconite is present
Most of the larger glauco-

nite grains are partially dissolved.
Facies #6 directly underlies the Bonneterre Formation.
The contact may be sharp, interbedded, or gradational.
b. Interpretation.

The Ripple laminated facies is

interpreted to have been deposited adjacent to or in a
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marine environment.

As stated previously, this facies

contains facies #5 in the western portion of the study area
(fig. 8).

Facies #6 contains brachiopods and is usually

dolomitic or glauconitic near the top but becomes quartzrich near the base, and displays the ripple laminated
texture throughout.

The presence of dolomite, glauconite,

and brachiopods along with the adjacent association of the
Bonneterre Formation suggests that this sandstone was formed
in or near a marine environment.

In the west the lower

tongue of facies #6 was formed before the lagoon deposit
(fig. 8).

It is usually about 20 to 25 feet thick, contains

few or no brachiopods and is generally finer grained and
free of glauconite and dolomite.

The base of facies #6 is

interpreted to have been formed from reworking of sediments
of the braided stream deltas.

The ripple laminated texture

was produced from ripple marks that form under shallow
relatively calm conditions.

The texture was deformed later

by burial and compaction (fig. 22).
From the petrographic analysis the sand grains of facies
#6 are usually rounded to well rounded and differ from the
subangular grain shape of facies #1 through #4.

The round-

ing of the grains is interpreted to have occurred through
continued reworking of the sand grains in a shoreline
environment.

The first four facies were deposited in a

fluvial environment that lacks sufficient abrasion forces to
round the grains.
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Facies #6 is continuous throughout the study area except
where it has been separated vertically by the shale facies
#5.

The thickness of facies #6 ranges from 27 to 132 feet

(fig. 25).

B.

DISCUSSION OF OVERALL FACIES INTERPRETATION
1.

Alluvial Fan and Braided Stream.

Facies #1

through #4 are interpreted to have been deposited in
alluvial fan and braided stream environments.

Houseknecht

(1975) and Houseknecht and Ethridge (1978) suggests that the.

majority of the Lamotte Sandstone in eastern Missouri was
deposited in a braided fluvial environment.
The lower Lamotte Formation (facies #1 through #4) is
composed primarily of medium- to coarse-grain detritus with
little or no shale or fossils.

In general, the predominance

of medium- to coarse-grained detritus, and the lack of
shale, siltstone, biogenic structures and fossils along with
abundant crossbedding are suggestive of a braided fluvial
depositional environment (Miall, 1977).
Facies #1 and #2 are the lower two facies and either may
directly overlie the Precambrian surface.

Both facies

contain immature, poorly sorted, coarse-grained clastics
that are discontinuous throughout the study area.

Facies #1

contains significant amounts (greater than 5 percent) of
feldspathic sediment either as clasts or matrix.

Facies #2

consists of quartz clasts cemented in a matrix of quartz and
minor amounts (less than 5 percent) of feldspar.

Alluvial
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fans consist of poorly sorted, immature sediments that are
derived from a local topographically higher source area.
Facies #3 and #4 are primarily composed of sand size
quartz sediment.

The deposits of braided streams are

normally coarser than those of any other river types, and
are dominated by sand or gravel (Miall, 1977, p. 3).

Both

facies are moderate to well sorted and are laterally more
continuous than facies #1 and

t2.

Braided streams are

characterized by high width/depth ratios (possibly as high
as 300) (Miall, 1977, p. 3).

High widthjdepth ratios

suggest that the deposits of a braided stream are laterally
continuous.

The lateral continuity of facies #3 and #4

along with the predominance of sand suggests a braided
stream environment.
The abundant crossbedding that occurs in facies #3
perhaps resulted from the migration of longitudinal and
transverse bars found within a braided stream environment.
The horizontally laminated sandstone facies j4 is the
.thickest, laterally most continuous facies in the Lamotte
Sandstone.

Miall describes several different types of

braided streams based on modern day examples.

The lower

Lamotte sandstone is interpreted to be similiar to the Bijou
Creek type assemblage given by Miall (1977) based on the
thick deposft of the horizontally laminated facies #4.

The

major facies of the Bijou Creek deposit is a horizontally
laminated sandstone.
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The Late Cambrian Lamotte Sandstone was deposited during
a time when braided stream conditions were most favorable.
Until Early or Middle Devonian time, land vegetation was
absent (Seward, 1959).

Prior to Devonian time, lack of

vegetation resulted in greater sediment yield from higher
erosion rates promoting the formation of the alluvial
fan-braided stream environment (Rust, 1978; Schumm, 1968;
Cotter, 1978).

The lack of vegetation, along with the high

relief provided by the Precambrian surface suggests deposition of the Lamotte Sandstone by braided stream processes.
During early Paleozoic time, alluvial fan deposits were
particularly abundant in the interior basins (Tankard et
al., 1982).

2. Barrier Island and Lagoon.

The upper Lamotte

Sandstone is interpreted by the writer to be a transgressive
barrier complex with an associated lagoon or shallow intracratonic basin.

Wallace (1938) and Ojakangas (1960, 1963)

proposed a shallow marine origin for a large portion of the
Lamotte Sandstone in eastern Missouri.

Houseknecht (1975)

includes barrier beach, barrier bar, and tidal flat deposits
in a marginal marine interpretation of the Lamotte
in southeast Missouri.

S~ndstone

The occurrence of dolomite, glauco-

nite, shale, and marine faunal in the upper two facies of
the Lamotte Sandstone suggests it was formed in or near a
marine environment.

The association of the Lamotte
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Sandstone with the overlying Bonneterre Dolomite also
indicates marine conditions were present during the formation of the upper two facies.
Facies #6 is interpreted to have formed in barrier beach
conditions with sediments coming from reworking of broad
braided stream deltas.

The barrier beach complex was formed

from longshore currents which transported sediments parallel
to the shoreline.

These sediments were derived from one or

more deltas (possibly of braided stream origin) which dumped
their bedload at the shoreline.

Marine influence on fan

deltas may be reflected in the formation of tidal bars
(Galloway and Hobday, 1983).
Facies #5 is interpreted to have formed within lagoonal
conditions.

The occurrence of large amounts of shale along

with the presence of brachiopods and bioturbation suggests
this facies was formed in a low energy environment closely
associated with marine conditions.

The shale facies #5 is

commonly interbedded with sandstone which is interpreted to
be washover deposits.

These washover fans originated during

high tide or storms as sand is transported over the barrier
island into the lagoon.

Washover fans form from sediment

being eroded from the seaward side of the barrier and
transferred into the lagoon during storm periods (Reading,
1978).

The clays and fine silts deposited in quiet, open

water areas may be finely laminated, but more commonly they
are structureless due to bioturbation (Reading, 1978,
p.158).
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The shale facies #5 is usually either interbedded with a
fossil rich sandstone or a highly bioturbated mixture of
sandstone and shale.

In the geologic record the lagoonal

facies will commonly appear as either shale interbedded with
irregular sand bodies that form from the washover deposits,
or as a bioturbated mixture of sand and shale that formed
from organic activity.

Shortly after deposition the wash-

over deposits may be bioturbated while the sediment is still
moist (Reading, 1978).

The washover deposits in facies #5

may contain shell debris or fossil fragments that are
transported with the sandy sediments.
Facies #6 is interpreted to be a transgressive barrier
complex therefore the Lamotte Formation is a transgressive
sandstone.

Trangressive barrier islands are not common in

the geologic record.

According to Swift (1968) transgres-

sive barrier islands appear in the geologic record only as a
wave eroded disconformity with a thin sediment veneer.
However, preserved sand and shale thicknesses of 40 to 50
feet are typical in the upper two facies of the Lamotte
Sandstone.

Much of the transgressive sequence can be

retained if rapid sea level rise is balanced by continuous
sediment supply (Hobday and Jackson, 1979; Kraft and John,
1979).

Washover fans deposits that may be preserved are the

distal terminations which interfinger with lagoonal
sediments (Galloway and Hobday, 1983).
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IV. SUMMARY AND CONCLUSIONS.

The upper Cambrian Lamotte Sandstone of south central
Missouri is interpreted to have been deposited in a fining
upward sequence by a complex of alluvial fans, braided
streams, lagoons and barrier islands in an overall transgressive sequence.
Facies #1 is a coarse-grained feldspathic conglomerate
that is highly variable in thickness.

It is considered to

have been deposited by alluvial fans associated with a
locally irregular Precambrian surface which had been
differentially uplifted and faulted either during or just
prior to deposition of the facies.
Facies #2 is a quartz conglomerate that is more uniform
in thickness than facies #1.

Facies #2 contains less

feldspar than facies #1 and is interpreted to have been
deposited in an alluvial fan or proximal braided stream with
sediments that were derived from a more distant source area
such as the canadian Shield.
Facies #3 is a crossbedded medium-grained sandstone.
The facies is interpreted to have been deposited·in a
braided stream environment.

The source area for most of the

facies is considered to have been the Canadian Shield.

In

western Missouri, because of an increase in feldspathic
matrix in facies #3, a second source area is suggested to
contribute minor amounts of sediment from the west into the
depositional basin in south central Missouri.
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Facies #4 is a fine-grain horizontally laminated sandstone which is the thickest and most continuous of the
six facies.

Facies #4 is interpreted to have formed in a

distal braided stream environment on a generally low relief
surface formed as a result of infilling of previous facies
and lack of tectonic activity.

The matrix of facies #4

becomes feldspathic in western Missouri.

The source area

for most of the sediments in facies #4 is interpreted to
have been the Canadian shield or northeast with minor
feldspathic sediments that were contributed from just west
of the study area.
Miall (1977), in a detailed study of braided stream
environments, has proposed 10 common facies found in most
b~aided

stream environments (Table II).

The lower four

facies of the Lamotte Sandstone closely resemble some of the
facies mentioned by Miall.

Facies #1 is similiar to the Gm

facies in that both are composed of gravel that is massive
or crudely bedded.

The St and Sp facies of Miall closely

resemble facies #2 and #3 respectively since both are composed primarily of sand.
is crossbedded.
and Sp facies.

Facies #2 is pebbly and facies #3

These are common characteristics of the St
Facies #4 is similiar to Miall's Sh facies

as both are composed of fine sand and both are horizontally
laminated.

The close relationship of the four lower facies

in the Lamotte Sandstone to the braided stream description
_given by Miall further suggests that the lower Lamotte.
Formation was deposited in a braided stream environment.
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Table II
Facies and their characteristics for
braided streams (From Miall, 1977).
Facies
identifier

Uthofacies

Sedimentary structures

Interpretation

Om

Gravel, massive or
crudely bedded,
minor sand, silt, or
clay lenses

Ripple marks, cross-strata in
sand units, aravel
imbrication

Longitudinal bars,
channel-lag deposits

Ot

Gravel, stratified

Broad, shallow trough crossstrata, imbrication

Minor channel fills

Op

Gravel, stratified

Planar Cross-strata

Linguoid bars or deltaic
arowths from older
bar remnants

St

Sand, medium to
very coarse, may
be pebbly

Solitary or arouped
cross-strata

Dunes (lower flow
regime)

Sp

Sand, medium to
very coarse, may
be pebbly

Solitary or arouped
planar cross-strata

Unguoid bars, Wld
waves (upper and
lower flow regimes)

Sr

Sand, very fine to
coarse

Ripple marks of all types, ineluding climbing ripples

Ripples (low.er flow
regime)

Sh

Sand, very fine to
· very coarse, may
be pebbly

Horizontal lamination,
parting or streaming lineation

Planar bed flow (]ower
and upper flow reaimes)

Ss

Sand, fine to
coarse, may be
pebbly

Broad, shallow scours (meluding cross-stratification)

Minor channels or
scour hollows

Fl

Sand (very fine),
lilt, mud, interbedded

Ripple marks, undulatory
bedding, bioturbation,
plant rootlets, caliche

Deposits of waning
floods, overbank
deposits

Fm

Mud, silt

Rootlets, desiccation cracks

Drape deposits formed
in pools of standing water
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Facies #5 is an interbedded shale and sandstone sequence
that contains glauconite and is often fossiliferous.

This

facies is only present in western Missouri as it thins to
the east.

Facies #5 is interpreted to. have been formed in a

lagoon or shallow intracratonic basin.

Washover deposits

contribute sand into a low energy mud-rich lagoon to form
this facies.
Facies #6 is a ripple laminated sandstone that is
separated vertically by Facies #5 in western Missouri.
Facies #6 is thick and continuous throughout the study area.
This facies is interpreted to have been deposited in a
barrier beach complex associated with a marginal marine
environment.
The open marine and lagoon environments formed the Upper
Lamotte Sandstone.

A transgression deposited the lower

ripple laminated sandstone facies #6 over the entire area.
A restricted low energy environment such as a lagoon or
shallow intracratonic basin formed to the west because of
tilting of the craton.

This tilting caused the land surface

in the west to drop relative to"that in the east where the
surface may have risen from the Ozark Uplift.
occurred as a result of this tilting.

A regression

The shale facies #5

is interpreted to have formed during the regression.

This

facies thickens westward due to prolonged lagoonal deposition before the second transgression occurs.
The upper deposit of facies #6 is characteristically
more glauconitic, d9lomitic, and fossiliferous than its

\__

69

equivalent below facies #5.

The upper deposit of facies #6

is influenced more by open marine conditions than the lower
deposit of facies #6.

A major, rapid transgression

deposited the upper portion of facies #6 over the lagoon
sediments in a barrier beach complex which formed the
resistive wave barrier that protected the landward lagoonal
environment (fig. 19).

With continued transgression a

deeper marine environment deposited the Bonneterre Formation
over the Lamotte Sandstone.
In western Missouri, the Bonneterre Formation facies
changes laterally into the Reagan Sandstone.

The Reagan

Sandstone is considered to be time equivalent to the
Bonneterre Formation (Kurtz et al., 1975).

This relation-

ship suggests that the Reagan Formation was a marginal
marine sandstone that was deposited adjacent to the
Bonneterre Formation during the same trangressive sequence.
Although this thesis is not primarily concerned with

th~

Decaturville "impact structure", anomalous thicknesses were
noted near the structure in five of the six Lamotte facies.
No anomaly was noted in facies #5 because it is not present
near the structure.

These anomalies suggests that Offield

et al., who considered the structure to be Triassic in age,
is incorrect.

The anomalous thicknesses suggests that

either the Decaturville structure predates Cambrian
deposition or the structure has been incorrectly classified
as "impact" in origin and perhaps was formed from an
interior source within the crust or mantle.
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